Objective: To determine any sex differences in age-specific prevalence or severity of leukoaraiosis, a marker of white matter ischemia, in population-based and clinic cohorts of TIA/stroke and in a systematic review of the literature.
and studied brain imaging in patients in a population-based study on stroke and TIA (Oxford Vascular Study [OXVASC] ) and in an independent TIA-clinic cohort.
METHODS Systematic review. For our systematic review of the literature we searched 2 main medical search engines, Medline and Embase (Medline 1950 to present date, Embase 1980 to present date), up to January 4, 2011. We used the terms leukoaraiosis or white matter changes and matched with the terms old age/aged, hypertension/high blood pressure, high cholesterol/hypercholesterolemia, cigarette smoking, ischemic heart disease, alcohol intake/alcohol consumption, diabetes mellitus, stroke, gender/sex, atrial fibrillation, peripheral vascular disease, dementia, carotid artery stenosis/disease. For the purpose of this article, we only considered studies reporting the association between sex and leukoaraiosis. There was no restriction by language of publication.
We calculated pooled odds ratios (ORs) by fixed effect metaanalysis (if heterogeneity between studies was p Ͼ 0.1 and otherwise by random effects, and p values with the 2 test) for presence of leukoaraiosis in women vs men for the studies reporting these data. We grouped the studies according to imaging used (CT or MRI), the mean age of their population, and the study setting (stroke patients vs nonstroke patients).
Population-based study. The OXVASC study is a population-based study of all acute vascular events in a population of 91,000 individuals registered with 63 primary care physicians in 9 general practices in and around Oxford, UK. Methods of OXVASC have been reported previously. 1, 4 In brief, multiple overlapping methods of "hot" pursuit were used to achieve nearcomplete ascertainment of all individuals with TIA or stroke. These included an urgent neurovascular clinic to which participating general practitioners and the local accident and emergency department send all individuals with suspected TIA or stroke whom they would not normally admit to hospital; daily assessment of admissions to the medical, stroke, neurology, and other relevant hospital wards; and daily searches of the local accident and emergency department attendance register. To not miss patients who presented late, were referred to other services, or were not referred to secondary care, we also performed monthly computerized searches of family doctor diagnostic coding, hospital discharge codes, and all cranial and carotid imaging studies performed in local hospitals. Patients are followed up for 10 years after the entry event. Follow-up visits include blood pressure check and a questionnaire on general health, recurrent events, medication, and neuropsychological tests at 1 and 6 months and 1, 5, and 10 years. Follow-up is complete for all patients for mortality via centralized death certification records and 5-year follow-up is available in over 95% of patients either by face-to-face follow-up or follow-up via their family doctor.
Consecutive patients with TIA or stroke (ischemic or hemorrhagic) assessed for OXVASC between April 1, 2002, and April 30, 2010, were included. The only exclusion criterion was lack of availability of adequate brain imaging. Leukoaraiosis was prospectively and independently coded by a neuroradiologist and by an experienced neurologist. Assessments were made blind to clinical data. Large cortico-subcortical strokes, definite subcortical lacunar lesions (well-delineated, oval or rounded, measuring 1.5 cm or less, or with the same signal intensity than CSF), and obvious tumors or cysts were excluded from the evaluation. However, less clearcut lacunar infarctions or demyelinating lesions in the context of more diffuse leukoaraiosis could not be reliably excluded by means of our visual assessment.
Leukoaraiosis was graded according to the following:
1. The ARWMC scale 18 for both CT and MRI, rating 5 different regions in both hemispheres according to a 0 -3 score. We used the total score derived from this scale and categorized it into absent (0), mild (1 to 5), moderate (6 to 10), and severe (over 10) leukoaraiosis. 2. A qualitative scale ("Oxford scale") based on the severity score (absent, mild, moderate, or severe) of the Blennow scale 19 for CT scans, and a modified version of the Fazekas scale, 20 considering periventricular and deep white matter lesions altogether, for MRI scans.
The neuroradiologist only applied the Oxford scale, while the neurologist applied both the ARWMC scale and the Oxford scale.
MRI scans were performed on a 1.5-T Philips Achieva scanner, and CT scans on a Toshiba, Aquilion 64, 64-slice scanner. The MRI sequences chosen for evaluation were the transverse T2 and the coronal fluid-attenuated inversion recovery. This latter was only available in coronal view, according to the clinical protocol applied in our hospital, and therefore it was mainly used to support and clarify the T2 findings.
Clinic cohort. We also studied MRI scans from a population of 766 consecutive ischemic strokes or TIA seen in a TIA/Stroke clinic in the Stoke-Mandeville Hospital, near Oxford, from patients who underwent MRI scan (1.5-T Siemens Symphony system) as part of their routine clinical investigation. These scans had been rated by means of the ARWMC scale by an experienced observer. Combination with the 496 scans rated with the same scale from OXVASC gave a total number of 1,262 MRI scans, and the same analyses on the association of leukoaraiosis to sex were repeated.
Reliability studies. Within the OXVASC cohort, the interrater agreement on presence and severity of leukoaraiosis on CT was assessed by statistics in a subset of 996 consecutive cases and for MRI on 100 cases. We also performed an agreement study between CT and MRI in the 416 patients who had had both modalities of imaging, using the SAS software to calculate both simple and weighted .
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The inter-rater reproducibility between the StokeMandeville and the OXVASC raters was calculated on a sample of 130 consecutive scans.
Statistical analyses.
We calculated age-and sex-specific rates of leukoaraiosis, stratified by severity. We also determined sex differences in presence of leukoaraiosis in 3 different age strata (Ͻ55, 55-74, Ն75) after further adjustment for age as a continuous variable in logistic regression analyses for any degree vs no leukoaraiosis; moderate-severe vs none-mild leukoaraiosis; and severe vs no, mild, and moderate leukoaraiosis. Multivariate logistic regression analyses were performed with presence of leukoaraiosis as outcome variable and female sex as a covariate, along with age and, in a second model, age and multiple vascular risk factors (hypertension, previous CVA, ischemic heart disease, diabetes mellitus, atrial fibrillation, peripheral vascular disease, current smoking, hyperlipidemia, carotid stenosis Ͼ50% on either side).
We determined the association between CT-detected leukoaraiosis and risk of death in all OXVASC patients and in those aged Ͻ75 years in a Cox regression analysis.
All analyses were performed using SPSS version 15.
Standard protocol approvals, registrations, and patient consents. The OXVASC study was approved by the local research ethic committee, and all the patients signed an informed consent at entry in the study. Approval was obtained from the local research ethics committee for the TIA-clinic cohort.
RESULTS
Our systematic review identified 33 potentially eligible studies, but only 19 (14 based on CT and 5 on MRI) reported data on presence of leukoaraiosis stratified by sex. Meta-analysis of data from these 19 studies showed excess leukoaraiosis in women (OR 1.19, 95% confidence interval [CI] 1.08 -1.33, p ϭ 0.03), but there was significant ( p Ͻ 0.0001) heterogeneity between studies. When stratified by type of study population (figure 1), the excess leukoaraiosis in women was only seen in TIA and stroke cohorts (1.42, 1.28 -1.57, p Ͻ 0.0001), with no sex difference in the nonstroke studies (0.91, 0.67-1.24, p ϭ 0.56), which included healthy subjects, community-dwelling people, patients from neurology or general medicine clinics, from dementia clinics, and from geriatric or neurology hospital wards. Although the nonstroke studies were generally small, these 2 estimates were significantly different ( p ϭ 0.006). Indeed, the frequency of leukoaraiosis was lower in women vs men in those nonstroke studies that used MRI (0.70, 0.56 -0.86, p ϭ 0.001). All studies in TIA/ stroke populations were CT-based. The OXVASC patients comprised 2,124 subjects (1,127 female) with age ranging from 21.9 to 99.6 years (mean ϭ 73.8; SD ϭ 13.4). Women were significantly older than men (75.7 vs 71.5, p Ͻ 0.001). Patients had been recruited following ischemic stroke (1,069), cerebral or ocular TIA (791), intracerebral hemorrhage (109), subarachnoid hemorrhage (67), and uncertain stroke or retinal artery occlusion (88). Brain imaging was available for review in 1,890 (89.0%) of 2,124 patients. The most common rea- Meta-analysis of studies identified by a systematic review of the published literature on the prevalence of leukoaraiosis stratified by sex
Pooled odds ratios for difference in prevalence of leukoaraiosis between sexes are shown. The studies have been stratified according to patient setting (stroke vs nonstroke patients), and according to the type of imaging used (CT or MRI). See supplemental data at www.neurology.org for e-references. CI ϭ confidence interval; OR ϭ odds ratio.
sons for nonimaging were death prior to or shortly after arrival at hospital, events occurring abroad, and ocular ischemia only. Of the 1,890 patients studied, 988 (52.3%) were women and the sex difference in age remained (75. For more detail on the intra and inter-rater reliability studies, see table e-2. Leukoaraiosis appeared to be more frequent in women than in men in those patients imaged by CT in OXVASC (1.38, 1.15-1.67, p ϭ 0.001), but women imaged with CT were older than men imaged with CT and when we adjusted the association for age there was no longer any excess leukoaraiosis in women (adjusted OR ϭ 1.01, 0.82-1.25, p ϭ 0.90) (table 2 and table e-1) . Moreover, in OXVASC patients imaged by MRI, in whom the males and females were of similar age, there was no sex difference in the frequency of leukoaraiosis (table 2 and table  e We also stratified analyses by age in 10-year bands from age 55 (figure 2 shows grading according to the ARWMC scale; see figure e-1 for grading according to the Oxford scale). Leukoaraiosis was reported more frequently on MRI than on CT, particularly in the younger age groups, but there was little consistent sex difference in frequency with either modality. However, subcategorization by severity of leukoaraiosis (ARWMC scale) showed a trend toward more severe leukoaraiosis in women above 75 years of age, both on CT and MRI ( figure 2, table 3 To determine whether leukoaraiosis might be associated with an increased risk of premature death and hence a competing-risks bias due to earlier death in men compared with women, we determined the association between the presence of leukoaraiosis on CT at entry in OXVASC and time to death in a Cox regression analysis, also including age, sex, and hypertension as covariates. Leukoaraiosis was a significant independent predictor of death (hazard ratio 1.46, 95% CI 1.23-1.73, p Ͻ 0.0001). This association remained when analysis was confined to patients younger than 75 years (1.53, 1.08 -2.18, p ϭ 0.02).
DISCUSSION Clinical onset of coronary artery disease and peripheral vascular disease is delayed in women compared with men, but stroke incidence differs much less. 1 One possible explanation is that women are predisposed to cerebral ischemia, which might be reflected in a greater frequency of leukoaraiosis, as has been reported previously in some studies. 9 -12 However, not all studies have found this sex difference, and given an absence of published Age-and sex-specific distribution of leukoaraiosis on CT and MRI scans Distribution of leukoaraiosis on CT scans of Oxford Vascular Study (OXVASC) patients (A) and MRI scans of OXVASC (B) and Stoke-Mandeville (C) patients, according to sex and age. The severity of leukoaraiosis is rated according to the ARWMC scale. Numbers of patients in each category are reported below the columns, and mean age for men and women in each age category is reported.
data from MRI-based studies in patients with TIA or stroke, we determined sex differences in frequency and severity of leukoaraiosis using both CT and MRI in a population-based TIA/stroke incidence study, a clinic cohort, and a systematic review of the literature. We found that the apparent excess of leukoaraiosis in women with TIA/stroke was confounded by age, with no sex difference on CT or MRI after adjusting or stratifying by age. We also found good inter-and intrarater reliability of assessment of leukoaraiosis by both imaging modalities.
We did find that leukoaraiosis was more severe in women than men at older ages. This finding was consistent on both CT and MRI and in the population-based cohort and clinic cohort. This sex difference could in theory reflect an increased susceptibility of white matter to ischemia in older women, but it is more likely to be an artifact due to sex differences in premature death, i.e., men who survive to their 80s and 90s are a more highly selected group than are women of the same age. In the OXVASC cohort of imaged patients reported here, for example, there were 242 women aged over 85 years, but only 112 men. In other words, about 130 more men than women born in the same years had already died. Even if the presence or severity of leukoaraiosis were only weakly associated with premature death (e.g., a relative increase in mortality of 10%), it would be enough to account for the sex differences that we have observed in older age groups. In fact, the association that we observed between leukoaraiosis and risk of subsequent death in the OXVASC cohort was stronger. The association between leukoaraiosis and increased mortality has been reported in other studies, either in the general population 22, 23 or in stroke patients. 24, 25 In patients under the age of 75 years, on the other hand, the numbers of men and women are almost identical (441 men vs 357 women), with much less potential for bias due to premature death, and we found no sex difference in leukoaraiosis. There was a trend for leukoaraiosis to be more severe in men than women under the age of 65, but the numbers were too small for us to be able to draw any conclusion.
Our study has some potential shortcomings. First, we used semiquantitative methods to assess leukoaraiosis severity and our observations were mainly based on CT scans. However, despite the fact that reproducibility of rating scales is influenced by the nature of the scale itself and by the expertise of the raters, 26, 27 we found good intra-and inter-rater reproducibility for both our CT and MRI evaluations. Moreover, although CT scans have a lower sensitivity for detection of white matter lesions when compared with MRI, CT-detected white matter changes are clinically relevant, 28 and have good neuropathologic validity. 29, 30 The concordance of our results between the MRI cohorts in our study and between the MRI and CT is reassuring.
Second, not all white matter changes represent chronic ischemia. We might occasionally have included demyelinating or vasculitic lesions or previous focal ischemic lesions, as these are not always possible to distinguish from leukoaraiosis by means of visual evaluation. However, we believe that this would be unlikely to have resulted in any major bias. Third, in the systematic review, we were only able to identify CT-based studies in stroke populations, while the studies in other settings were based both on CT and on MRI. However, we also report the largest singlecenter stroke-based MRI cohort so far to address sex differences in leukoaraiosis.
Overall, therefore, we consider that our findings are unbiased and reliable. The association between presence of leukoaraiosis and female sex can be explained by the strong association of leukoaraiosis to age and by the over-representation of female sex in the older patients with TIA and stroke. The greater severity of leukoaraiosis in older women is most likely an artifact due to greater risk of premature death in men with leukoaraiosis. We have found no evidence to support the hypothesis that women have a greater susceptibility to white matter ischemia than men.
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